Background: As a bioactive composite extracted from American cockroach, Xinmailong injection (XML) is used for the
Without doubt, CHF will continue to be a substantial burden on health-care systems and societies. Therefore, more effective medications with low side effects and low cost are required to improve the survival in patients with CHF.
In the present, the treatment of CHF is frequently based on the western medicine, which include β-receptor blockers, diuretics and renin-angiotensin-aldosteronesystem antagonists. In addition, some novel anti-CHF drugs such as lyophiluzed recombinant human brain natriuretic, levosimendan, ivabradine, tolvaptan and istaroxime are also used to treat CHF (Karl et al., 2015) . Traditional Chinese Medicine (TCM) practices represent a healthy complement to practices. Since 2006, a number of TCMs were clinically tested on the CHF patients and exciting therapeutic effects were achieved (Chen et al., 2010; Miao et al., 2008 ). Cockroach has been described as an effective insect drug which can promote blood circulation and urination in Bencao Gangmu (Compendium of Materia Medica) in the Ming Dynasty by Li Shizhen, a well-known medical specialist and pharmacologist of ancient China. Xinmailong Injection (XML), a compound extracted from Periplaneta Americana (P.
americana, also known as American cockroach), has been launched to market in China as a proprietary medication for treating patients with CHF (Ma et al., 2013) . The major bioactive ingredients of P. americana include polypeptides, nucleosides and amino acids (He et al., 2008) . Although it is highly effective, the mechanisms underlying the action of XML in the treatment of heart failure are rarely investigated. Therefore, the present study was designed to verify the mechanisms underlying the enhancive effects of XML on cardiac functions. Focus was put on studying the mechanism leading to the increase of [Ca 2+ ] i in cardiomyocytes. In addition, since oxidative stress is an important factor that deteriorates the functions of cardiomyocytes and is involved in the pathophysiology of CHF (Tsutsui et al., 2011) , the antioxidant effect of XML on cardiomyocytes was also investigated. 
Materials and Methods

Chemicals and drugs
XML (
Cell culture
H9c2, a cell line derived from embryonic BD1X rat heart tissue, was purchased from American Type Culture Collection (CRL-1446, ATCC, Manassas, VA). Cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) (Gibco, Invitrogen, Carlsbad, CA, USA) with 10% (v/v) fetal bovine serum (FBS) (Gibco, Invitrogen, Carlsbad, CA, USA), 100 units/ml penicillin and 100 µg/ml streptomycin (P/S) (Gibco, Invitrogen, Carlsbad, CA, USA). Cells were incubated in 37℃ with 5% CO 2 /95% air (Napco, Thermo Fisher Scientific, MA, USA). Medium was changed every two days and cells were subjected to subculture when 95% of confluence was reached. Cells were sub-cultured to 6-well plates or 24-well plates.
Ca
2+ imaging
H9c2 cells were seeded on round covered lip pre-coated with poly-D-lysine inside 24 well-plates. 
Protein Extraction and Western Blotting Analysis
H9c2 cells were incubated without (Control) or with XML for 24 h. Cells were then washed three times with ice-cold PBS and lysed in lysis buffer with protease inhibitor cocktail for 15 min. Cell lysates were homogenized and supernatant was collected by centrifugation at 18,000 g for 10 min at 4℃. Protein concentration was determined by Bio-Rad Bradford Assays using bovine serum albumin as standard. Protein samples were mixed with SDS-reducing buffer (final concentration of 2% SDS, 5% 2-mercaptoethanol, 10% glycerol, 0.002% bromophenol blue, 0.0625 M Tris-HCl, pH 6.8) and denatured at 100℃ for 10 min, and then subjected to electrophoresis (SDS-PAGE) with 12% SDS-polyacrylamide gel under 150 V for 2 h and transferred to PVDF membrane under 100 V for 2h. The membrane was blocked by 5% non-fat milk (in TBS containing 0.2% Tween-20, 150 mM NaCl, 50 mM Tris-HCl, pH 7.6, TBST) for 2 h at room temperature. The membrane was then incubated with anti-superoxide dismutase-1 (SOD-1) (Santa Cruz, CA, USA), anti-SOD2 (Santa Cruz, CA, USA) or anti-hemeoxygenase-1
(HO-1) (Santa Cruz, CA, USA) antibody at 4℃ overnight. The concentration of primary antibody used was 1:500 (v/v). β-actin was used as internal control. After incubation of primary antibody, the membrane was washed three times with TBST for 10 min at room temperature. This is followed by immunoblotting with horseradish peroxidase-conjugated goat-anti-rabbit secondary antibodies (BioRad, 172-1011, CA, USA) at room temperature for 2 h. The concentration of secondary antibodies used was 1:10000 (v/v). The membrane was washed 3 times again with TBST for 10 min at room temperature, and followed by incubation with HRP substrate (Millipore, WBKLS0500, Billerica, USA) for 1 min at room temperature. The chemiluminescence emitted was captured by X-ray film (Fujifilm, Tokyo, Japan) with appropriate exposure time.
Measurement of Na + /K + ATPase Activity
The effect of XML on Na + /K + -ATPase activity was measured using the previous protocol (Fuller et al., 2003) . H9c2 cells were homogenized by buffer A (20 mM HEPES, 250 mM sucrose, 2 mM EDTA, 1 mM MgCI 2 , pH 7.4) and centrifuged at 20,000 g for 30 min. The supernatant was discarded and the pellet was resuspended in buffer A. The amount of protein was pre-determined by Bio-Rad Bradford Assays (Bio-Rad, 500-0001, CA, USA). Two 50 μl aliquots of homogenate were taken.
One aliquote was mixed with 50 μl of reaction buffer 1 (200 mM Tris-HCl, 30 mM MgCl 2 , 200 mM NaCl, 60 mM KCl, 10 mM EGTA, pH 7.5). Another one was mixed with reaction buffer 2 (buffer 1 + 1 mM ouabain). Each reaction contained 100 µg/mL PMSF, 2 µg/mL apronitin and 2 µg/mL pepstatin A to prevent protein degradation. The reaction was started by the addition of 1 mM of ATP. Reactions proceeded for 10 min at 37℃ and 10 µL of 100% (w/v) trichloroacetic acid were added to stop the reaction. Samples were left on ice for 1 h and then centrifuged at 20,000 g for 30 min to pellet the precipitated protein. Free phosphate in supernatant was assayed using the ammonium molybdate spectrophotometric assay kit (Sigma, MAK030, St.
Louis, MO). The absorbance at 650 nm was measured.
Measurement of Intracellular Reactive Oxygen Species
H9c2 cells were cultured in black 96 well-plates without (as Control) or with XML for 4 h at 37℃. OxiSelect TM intracellular ROS assay kit (green fluorescence) (Cell Biolabs, STA342, San Diego, CA, USA) was used to determine the ROS in the samples by using DCFH-DA as a probe. DCF standard curve was constructed according to the manufacturer's instruction.
Before the experiments, the sample was washed once with HEPES-HBSS, followed by incubation with 1 mM DCFH-DA at 37℃ for 1h. Afterwards, the sample was washed by HEPES-HBSS once again to remove the unloaded DCFH-DA. The plate was then placed in a microplate reader to measure the fluorescence (emission at 480 nm and excitation at 530nm).
Statistical Analyses
All data were expressed as means ± S.E.M. Statistical analyses were performed using SPSS 22.0. Comparison between two groups was analyzed using Student's t-test. Comparison among three or more groups was analyzed using one-way ANOVA, p<0.05 was considered statistically significant.
Results
Effect of XML on Cardiac Function
As demonstrated in Fig 1A- C, XML significantly increased the coronary blood flow, LVSP, LVEDP and ±dp/dt max of the hearts in a dose-dependent manner. In contrast, the heart rates were mildly decreased (10.57±2.10%) after treatment with XML ( Fig 1D) . ] i in H9c2 cells (Fig 2A) . The effect of XML was concentration-dependent with an EC 50 value of about 0.5 mg/ml. The threshold concentration of XML was 0.01 mg/ml and the effect of XML was leveled off at 10mg/ml (Fig 2B) . ] i regardless any concentration of XML (Fig 2C) .
Effect of XML on
To study the effect of XML on Ca 2+ release from intracellular store, thapsigargin (TG, 1 µM), an apotent sacroplasmic ] i .
However, there was no significant difference between the Control and XML-treated cells (Fig 2D) . ] i increase was not affected by nimodipine, but was abolished by ML218-HCl (100 µM), a T-type Ca 2+ channels antagonist (Fig 2F) .
Effect of XML on sodium/calcium exchanger (NCX) and Na + /K + -ATPase
To investigate the effects of XML on NCX, KB-r7943 (10 µM) was used. As an inhibitor of NCX KB-r7943 reverses the ] i increase induced by ouabain (Fig 3C) , suggesting the overlapping of the action site of ouabain and XML. Further study was carried out to investigate the effect of XML on the activity of Na + /K + ATPase. Na + /K + ATPase activity was also markedly inhibited after cells were treated with XML (Fig 3D) . 
Antioxidant effect of XML
H9c2 cells were incubated without (Control) or with 1 mg/ml of XML for 4 h at 37℃. Western blotting was performed to detect the changes in the protein expression levels of SOD-1 (Fig 4A and B) , SOD-2 (Fig 4C and D) and HO-1 (Fig 4E and F) .
The results showed that the protein expressions of these antioxidant enzymes in H9c2 cells were elevated after treatment with channels.
In addition to the T-type Ca 2+ channels, our data also suggests that XML may also exert its positive inotropic effect through the inhibition of Na + /K + ATPase. This mechanism of action is similar to cardiac glycoside such as digoxin, which promotes SOD-2, OH-1. Therefore, the antioxidant effect of XML might also play an important role in its therapeutic actions on CHF.
However, since oxidative stress is a complex process, further investigations are also required to study the signaling pathways involved in the antioxidant effect of XML.
Conclusions
Our study has provided evidence that XML increase intracellular calcium level by activating T-type calcium channels and inhibiting Na XML may activate the T-type Ca 2+ channels which cause Ca 2+ influx. In addition, its inhibitory effect on Na + -K + ATPase causes an increase of [Na + ] i , which would reverse the activity of sodium/calcium exchanger so that it pumps out Na + and pumps in Ca 
